Many natural populations experience inbreeding and genetic drift as a consequence of nonrandom mating or low population size. Furthermore, they face environmental challenges that may interact synergistically with deleterious consequences of increased homozygosity and further decrease fitness. Most studies on inbreeding-environment (I-E) interactions use one or two stress levels, whereby the resolution of the possible stress and inbreeding depression interaction is low. Here we produced Drosophila melanogaster replicate populations, maintained at three different population sizes (10, 50 and a control size of 500) for 25 generations. A nutritional stress gradient was imposed on the replicate populations by exposing them to 11 different concentrations of yeast in the developmental medium. We assessed the consequences of nutritional stress by scoring egg-toadult viability and body mass of emerged flies. We found: (1) unequivocal evidence for I-E interactions in egg-to-adult viability and to a lesser extent in dry body mass, with inbreeding depression being more severe under higher levels of nutritional stress; (2) a steeper increase in inbreeding depression for replicate populations of size 10 with increasing nutritional stress than for replicate populations of size 50; (3) a nonlinear norm of reaction between inbreeding depression and nutritional stress; and (4) a faster increase in number of lethal equivalents in replicate populations of size 10 compared with replicate populations of size 50 with increasing nutritional stress levels. Our data provide novel and strong evidence that deleterious fitness consequences of I-E interactions are more pronounced at higher nutritional stress and at higher inbreeding levels.
INTRODUCTION
Natural populations are exposed to variable and often stressful environments (Hoffmann and Parsons, 1991; Bijlsma and Loeschcke, 2005) in which stressors such as extreme temperatures, low water availability and parasites strongly influence their distribution and fitness (Andrewartha and Birch, 1954) . Furthermore, many populations in nature become inbred and lose genetic variation as they experience reductions in population size (Crnokrak and Roff, 1999) . In consequence, they likely experience a decreased fitness (that is, inbreeding depression) and reduced evolutionary potential compared with outbred or large populations (Hoffmann and Parsons, 1991; Falconer and Mackay, 1996; Hoffmann and Willi, 2008; Reed et al., 2012; Kristensen et al., 2015) . Thus, an understanding of the effects of environmental stress, inbreeding and genetic drift and potential interactions between them on fitness are of foremost importance if we are to apprehend the ecological and evolutionary challenges faced by natural populations (Crnokrak and Roff, 1999; Cheptou and Donohue, 2011; Bijlsma and Loeschcke, 2011; Reed et al., 2012) . Inbreeding effects have been investigated not only at benign but also at stressful environmental conditions in a number of studies and in meta-analyses and reviews (Armbruster and Reed, 2005; Fox and Reed, 2011) . A majority of these studies show that inbreeding depression is more pronounced in stressful compared with benign environments, whereby the effects of inbreeding and environmental stress are synergistic (Armbruster and Reed, 2005; Fox and Reed, 2011) .
There are however conflicting results and opinions as to the generality and causation of inbreeding-environment (I-E) interactions (Reed et al., 2012) . I-E interactions have traditionally been viewed as a special case of genotype-environment interactions, for example, observed as a distinct change in gene expression across varying environmental conditions in inbred and outbred populations (Kristensen et al., 2006 (Kristensen et al., , 2010 . The changed gene expression profile can lead to an increased inbreeding depression in stressful environments by three nonexclusive mechanisms: (1) changed expression of deleterious alleles as a consequence of environmental stress (that is, conditional deleterious alleles); (2) reduced stress resistance (increased environmental sensitivity) as a consequence of expression of deleterious alleles; and (3) increased phenotypic variance (CV 2 ) that increases the opportunity for overall fitness to decrease (Waller et al., 2008; Bijlsma and Loeschcke, 2011; Reed et al., 2012) .
The effect of inbreeding on fitness has often been found to be dependent on the rate of inbreeding, as a slower rate may effectuate the removal of recessive deleterious alleles through natural selection (that is, purging) (Hedrick, 1994; Wang et al., 1999) . Purging in a given stressful environment may render a population less susceptible to that specific stress (Bijlsma et al., 1999) . Although this assumes environment-specific purging, purging of deleterious alleles that have deleterious effects across different environmental conditions could decrease the effects of I-E interactions in novel environments. This makes the rate of inbreeding important to consider in studies on I-E interactions.
Studies on fitness effects of I-E interactions typically investigate one or two levels of environmental stress, often simply contrasting a benign environment to a stressful environment (see references in Armbruster and Reed, 2005; Fox and Reed, 2011; Supplementary Table S1 ). The low resolution of the stress dimension raises a number of issues as the stress level and stress type vary between studies. For example, the relationship between stress and inbreeding depression may be a stressor and trait-specific phenomenon. Thus, a lack of strong effects of I-E interactions on fitness traits might stem from low environmental stress levels and nonlinear norms of reaction (Fox and Reed, 2011) . To approach these issues it is necessary to assess the effects of inbreeding across a continuous range of stress levels. This would enable determination of the stress level at which I-E interactions appear and the shape of the change in inbreeding depression with increasing stress.
In this study we aimed to estimate the norm of reaction of I-E interactions across a continuous range of stress levels and two inbreeding levels (F = 0.31 and 0.84) obtained at different rates. We maintained replicate populations of Drosophila melanogaster at three different population sizes (10, 50 and 500), reflective of census or effective population sizes of many domestic and natural populations (Palstra and Ruzzante, 2008; Leroy et al., 2013) . We measured egg-toadult viability and dry body mass of flies that have developed at 11 different nutritional levels (ranging from benign to highly stressful), for replicate populations of the three different population sizes. Availability and quality of food for natural populations varies with season, altitude, latitude and habitat type (Suzuki, 1998; Johnson and Sherry, 2001; Cotton, 2006) , whereby nutritional stress represents a natural continuous stressor in Drosophila (Markow et al., 1999) , and is an ecologically relevant framework for investigating I-E interactions.
MATERIALS AND METHODS

Founding population
A D. melanogaster population was established in 2010 from the virgin offspring of 589 females caught at the Danish peninsula of Jutland (for further details see Schou et al., 2014) . Each of the females contributed to the mass bred population with five male and five female offspring. The mass bred population was maintained with the approximate population size of 6000 at 25°C in a 12:12 light/dark photoperiod for two generations before the establishment of replicate populations. Unless otherwise indicated, the medium used for maintenance of flies is a standard oatmeal-sugar-yeast-agar Drosophila medium (Table 1 : control medium).
Inbreeding procedure
A total of 10, 6 and 3 replicate populations of population size 10 (N10), 50 (N50) and 500 (N500), respectively, were established using virgin flies from the mass bred population. These replicate populations were maintained at the specified population sizes and with equal sex ratios for 25 generations.
We controlled rearing density during development and maintained 1:1 sex ratio. A succeeding generation was produced by 5-8-day-old flies that laid eggs for a 12 h period followed by a 24 h period of egg laying in another set of bottles. Low-density bottles were used to establish the next generation. Each replicate N10 population was maintained in a 27 ml vial with 7 ml medium, each replicate N50 population was maintained in a 100 ml glass bottle with 35 ml medium and each replicate N500 population was maintained in ten 100 ml glass bottles, each with 50 flies and 35 ml medium. To approximately maintain the level of inbreeding reached at generation 25, replicate N10 and N50 populations were kept in a 100 ml glass bottle with 35 ml food, and flushed to a population size of 250, whereas replicate N500 populations were distributed in three 100 ml glass bottles and flushed to a population size of 750. We expect only minor increases in the level of inbreeding as a consequence of the increased population size (ΔF N10 = 0.006 and ΔF N50 = 0.027), and have disregarded this in the estimation of the inbreeding level. The replicate populations were kept in a climate chamber with a daily change in temperature following a Gaussian function (a bell-shaped curve; for details see the control regime in Schou et al., 2014) . The night time temperature was 23.5°C, from which the temperature increased and reached the daily temperature peak of 27.5°C. The average temperature was 24.8°C. The light rhythm followed the same daily pattern as the temperature, with a midday peak and gradual decrease during night.
Experimental design
To measure fitness components at different nutritional stress levels we assessed egg-to-adult viability of the 19 replicate populations in the control medium at which they were originally reared (containing oatmeal, sugar and yeast) and in 10 media only containing yeast, but differing in yeast concentrations (Table 1) . The progressive dilution of the yeast concentration decreases the available protein per volume medium, limiting the amount of protein readily obtained by the larvae, and thereby imposes a stress on nutritional requirements for the development (Economos and Lints, 1985) . The yeast concentrations used were based on results from pilot experiments. The criterion was that nutritional stress, observed as a decrease in egg-to-adult viability, should be imposed on replicate N10 populations at the least stressful medium compared with the control medium. The flies did not experience nutritional stress during the inbreeding procedure as they were reared at controlled densities with ad libitum food (control medium), and thus the imposed nutritional stress is considered to be a novel stress. All media were produced with an automatized cooking program in a mediaclave (Integra Biosciences, Zizers, Switzerland), ensuring homogeneity in the production pipeline and avoiding any yeast growth in the media (for details see Supplementary Text S1).
The parental flies used for egg production developed at a density of 40 eggs (in a 27 ml vial containing 7 ml medium) to avoid density-dependent maternal effects. To ensure random sampling of eggs from the parental flies, and to avoid any media or microorganisms being present on the eggs when transferred to the developmental medium, we used an egg collection method with a 2.5% agar medium as described in Schou (2013) (see below for a brief description). The parental flies (between 3 and 6 days old) of each replicate population produced eggs from 1800 to 0800 h in two 300 ml plastic bottles each containing 50 ml agar medium and a pile of yeast-paste. The following day, flies were maintained on standard Drosophila medium, whereas eggs from the preceding bottles of each replicate population were washed in a sucrose solution, randomized and transferred to a filter paper. Eggs were then transferred from the filter paper to vials containing the different media, such that each vial contained exactly 20 eggs and such that 10 replicate vials were collected for each medium for each replicate population. A total of 41 800 eggs were distributed to 2090 vials. Eggs were picked 4 days in a row, such that for the 11 media, approximately the same number of replicates was completed for a given replicate population at a given day. The egg transferring was done simultaneously for all replicate populations. During development, the vials with eggs were kept at 23.5 ± 1°C, and their positions were randomized on a daily basis. Every second day, the emerged flies of a vial were transferred to an empty vial, sexed, counted and frozen for the assessment of dry body mass. The control medium (also containing sugar and oatmeal) was omitted from all analyses along with Table 1 The composition of the 11 different developmental media All media contained the same amounts of agar (16 g l − 1 ), nipagin (12 ml l − 1 ) and acetic acid (1.2 ml l − 1 ). The control medium is used in Drosophila experiments as an ad libitum food source, and therefore contains much more nutrition than needed for successful development.
medium 10 in which no replicate population produced more than two survivors. Dry body mass of 15.5± 1.7 males per replicate population per treatment (for exact numbers see Supplementary Table S2) was measured with a Sartorius Laboratory Balance (type MC5, Göttingen, Germany). The flies were dried at 60°C for 24 h. To avoid large amounts of water being absorbed by the dry flies in the process of weighing them, we transferred one sample at a time to a low humidity box containing silica gel, from which the flies were transferred individually to the balance. Pooling of all data showed a minor but significant positive correlation (Pearson's r = 0.05; t(2823) = 2.47, Po0.01) between dry body mass and the order in which the flies were obtained and weighed from the low humidity container. Subsequently, the dry body mass was corrected, by estimating the effect of water absorbance with a linear model and adjusting the dry body mass accordingly.
Estimating stress levels
We transformed the nutritional stress level (yeast concentration) into a standardized measure of stress, to enable comparison of the phenotypic response in this study with results from studies investigating other stressors. Tradeoffs between body size and developmental time (Nunney, 1996; Sørensen and Loeschcke, 2004) suggest that dry body mass is a more indirect measure of fitness compared with egg-to-adult viability, especially in this study where flies are submitted to nutritional stress that affects both body size and developmental time. For this reason, and as survival has been used as a measure of stress in comparable studies (Armbruster and Reed, 2005; Fox and Reed, 2011) , we chose to use fitted egg-to-adult viability of replicate N500 populations as a measure of stress level of each yeast concentration. The stress level of a given medium i was estimated as the proportional decrease in survival compared with medium one, stress level i = 1 − (fitted survival N500 (medium i) /fitted survival N500 (medium 1) ).
The fitted values of egg-to-adult viability for the replicate N500 populations were obtained with a generalized linear mixed model with a logistic link using the R package lme4 (Bates et al., 2014; R Core Team, 2015) . Yeast concentration was log transformed to provide a better fit of the model.
Inbreeding depression for egg-to-adult viability and dry body mass
For each replicate inbred population we estimated inbreeding depression (δ) in egg-to-adult viability and dry body mass, as the proportional reduction in survival or dry body mass compared with the mean of the replicate control populations (Fox and Reed, 2011 ), δ = (mean N500 − mean inbred )/mean N500 .
We assessed whether inbreeding depression of egg-to-adult viability and dry body mass increased with stress and whether this increase was dependent on breeding regime using generalized linear mixed models in the R package lme4 (Bates et al., 2014) . The full models contained the fixed effects stress, estimated from egg-to-adult viability (see above), and breeding regime (N10 and N50) as well as their interaction. In the full model stress was included as a quadratic effect to test whether this would improve the fit. To evaluate which random effects to incorporate, we included all fixed effects in the full model, and assessed the validity of the different random effects using Akaike information criterion (Zuur et al., 2009) . The random effects evaluated were (1) random intercept of replicate populations, (2) random intercept and slope of replicate populations and (3) random intercept and quadratic slopes of replicate populations (Schielzeth and Forstmeier, 2009 ). We assessed the fixed effects by using a likelihood ratio test to compare the full model with a reduced model and thus obtaining the observed log-likelihood ratio statistic Λ for a given fixed effect. We used parametric bootstrapping (n = 10 000) to obtain the null distribution of Λ under the reduced model. P-values were calculated as the proportion of empirical Λ in the null distribution that were greater than the observed Λ. This approach was necessary as random effects can distort the test statistic distribution (Λ) from the typically assumed χ 2 distribution. The assumptions of a normal distribution of the residuals and homogeneity of variances were fulfilled.
As the interaction between breeding regime and stress was significant in the analysis of inbreeding depression of egg-to-adult viability, we split the data set and investigated the effect of stress in each breeding regime by performing model comparisons as above. We found no significant interaction between breeding regime and stress in the analysis of inbreeding depression of dry body mass and therefore continued with sequential model reduction and model comparison as above.
Lethal equivalents
As a prerequisite for calculating the number of haploid lethal equivalents, we estimated the expected inbreeding level (Crow and Kimura, 1970) after t generations (f t ) by assuming f 0 = 0 and the ratio between effective population size (Ne) and the census size (N) being Ne = 2/3N (Buri 1956; Nunney 1993 (lottery polygyny and Poison distributed offspring per mating)) using:
The estimated inbreeding levels were F N10 = 0.84 and F N50 = 0.31. The number of haploid lethal equivalents, B, is a measure of the rate by which fitness changes with increasing inbreeding level (Morton et al., 1956) . We calculated B for replicate inbred populations by the formula:
Here, w f is the average fitness of the replicate inbred population and w o is the average fitness of replicate outbred populations, for the given medium. A fitness estimate of zero resulted in negative infinite estimates of B. We considered two approaches to solve this problem: (1) removal of estimates of zero and (2) setting estimates of zero equal to 0.005. We observed no difference in the conclusions based on these two methods (data not shown) and proceeded with approach 2. The data on lethal equivalents across stress levels did not fulfil the assumption of normality of residuals for standard parametric analysis. Therefore, we calculated a linear regression coefficient for each replicate population. Assuming no relationship between stress and lethal equivalents, the probability of obtaining a positive slope is as likely as obtaining a negative slope. We therefore evaluated the chance of obtaining the given proportion of positive slopes within breeding regime using a Bernoulli trial (or binomial trial). To investigate whether the slopes of N10 and N50 differed we performed a randomization test in which we randomized replicate populations across population sizes (n = 10 000). The difference between the regression coefficients of the two groups was chosen as test statistic. As data were not normally distributed and to put emphasis on general trends, we estimated the regression coefficients with a two-quantile (median) regression (Koenker and D'Orey, 1987) implemented in the R package 'quantreg' (Koenker, 2013) . After establishing the null distribution of the difference in regression coefficients between the two groups, we performed a two-tailed test to assess the P-value for the observed difference in regression coefficients. The results from the analysis of lethal equivalents led to the same conclusions when using Ne/N ratios from zero to one (data not shown).
RESULTS
The change in egg-to-adult viability with decreasing yeast concentration across breeding regimes is presented in Figure 1 . In the analysis of inbreeding depression of egg-to-adult viability, the most appropriate random components were random intercept and quadratic slopes of replicate populations, illustrating the large variation in the curvature between replicate populations (Figure 2) . Including stress as a quadratic component significantly improved the fit (Λ = 6.62, P = 0.048) of the model. We found a significant interaction between breeding regime and stress on inbreeding depression (Λ = 8.63, P = 0.027; Figure 2 ), demonstrating that replicate N10 populations had a higher rate of increase in inbreeding depression with increasing stress compared with replicate N50 populations. When outbred populations experienced a decrease in fitness of 30% (stress = 0.3), N10 populations had a fitness of 26% of the outbred populations and N50 populations had a fitness of 69% of the outbred populations. The observed curvature was very different between breeding regimes (Figure 2) , and therefore we split the data set according to breeding regime and reassessed whether the use of stress as a quadratic term improved the fit. The quadratic term improved the fit for the replicate N10 populations (Λ = 5.42, P = 0.044) but not for the replicate N50 populations (Λ = 0.18, P = 0.677). The increase in inbreeding depression with increasing stress (I-E interaction) was significant for replicate N10 populations (Λ = 32.58, Po0.001) and in replicate N50
populations (Λ = 8.60, P = 0.024). The increase in inbreeding depression of two replicate N10 populations reached an inbreeding depression of one (corresponding to a survival of zero, Figure 2 ) that may result in a curvature of the average increase in inbreeding depression with increasing stress. For this reason we excluded estimates of inbreeding depression of one and repeated the analysis presented above, and this led to the same conclusions. The large range in availability of developmental nutrition resulted in flies ranging in dry body mass from 0.03 to 0.31 mg (Figure 3) . In the analysis of the effect of stress on inbreeding depression in dry body mass, we included a random intercept of replicate populations. A quadratic relationship between stress and inbreeding depression did not improve the fit (Λ = 0.54, P = 0.785). There was no significant interaction between breeding regime and stress (Λ = 1.16, P = 0.293; Figure 4 ) and no significant difference between breeding regimes in dry body mass (Λ = 1.92, P = 0.191). However, across all replicate inbred populations we found a significant increase in inbreeding depression at higher stress levels (Λ = 14.91, Po0.001; Figure 4 ).
All replicate populations had a positive regression coefficient of lethal equivalents across increasing stress levels. This resulted in an overall significant increase in lethal equivalents when increasing stress for N50 (P (× = 6) = 0.016) and N10 (P ( × = 10)o0.001) ( Figure 5 ). Replicate N10 populations had a significantly larger increase in lethal equivalents with increasing stress than the replicate N50 populations (slope N10 = 4.38 ±0.63; slope N50 = 1.52 ± 1.12; P = 0.045; Figure 5 ).
DISCUSSION
The primary aim of this study was to investigate I-E interactions across a range of stress levels and to test how I-E interactions are affected by the population size at which replicate populations were reared. We found clearcut evidence that nutritional stress increases inbreeding depression for egg-to-adult viability and that the rate of this increase is dependent on the breeding regime. The rate of increase in inbreeding depression decreased with increasing stress for replicate N10 populations, whereby the norm of reaction was nonlinear. Higher stress levels did not increase inbreeding depression in dry body mass to the same Figure 1 Average egg-to-adult viability and standard errors of replicate N10 (n = 10), N50 (n = 6) and N500 (n = 3) populations in the control medium (C) and in media with different yeast concentrations. Medium numbers are presented on the upper axis. Figure 2 Inbreeding depression of egg-to-adult viability in replicate N10 (n = 10) and N50 (n = 6) populations at a range of stress levels. Stress level for medium i was calculated as 1 − (fitted survival N500 (medium i) /fitted survival N500 (medium 1) ). Replicate N10 populations display a steep initial increase in inbreeding depression; however, at high stress levels the rate of increase decreases. Replicate N50 populations show a different norm of reaction, but with large differences between replicate populations. Two replicate N10 populations reached a survival of zero, as indicated with '+' for each replicate population. Figure 3 Average dry body mass and standard errors of replicate N10 (n = 10), N50 (n = 6) and N500 (n = 3) populations developed in the control medium (C) and in different yeast concentrations.
Inbreeding and nutritional stress MF Schou et al degree as for egg-to-adult viability. We also estimated the number of lethal equivalents, a standardized measure of inbreeding depression. When the stress increased, replicate N10 populations experienced a steeper increase in lethal equivalents than N50 populations.
Increasing stress resulted in large increases in inbreeding depression for egg-to-adult viability in replicate N10 and N50 populations. A quadratic relationship between stress level and inbreeding depression improved the fit for replicate N10 populations, whereas a linear relationship gave the best fit for the replicate N50 populations. Thus, we found not only unequivocal evidence for an I-E interaction but we also show large effects of demographic history on the norm of reaction. The high number of stress levels used in the study was crucial for enabling a detection of the nonlinear trend and the finding may have large implications for our understanding of inbreeding depression in natural populations. The stress levels investigated in this study provide a clearcut impression of the change in inbreeding depression with increasing stress for the highly inbred N10 populations. Conversely, most of the replicate N50 populations did not reach the same high levels of inbreeding depression, and we can only speculate that replicate N50 populations would show a similar curvature as N10 populations at higher stress levels. This expectation is supported by one highly stressed replicate N50 population that displays the same curvature as replicate N10 populations at high stress levels (Figure 2 ). An increased number of deleterious alleles expressed under stress may explain I-E interactions (see Reed et al., 2012 for a review of hypotheses). The nonlinear norm of reaction found in this study for replicate N10 populations may be the result of an upper boundary being reached in the number of deleterious alleles becoming expressed with increasing stress levels.
Although the effects of I-E interactions on morphological traits have been investigated in several studies, the morphological traits studied previously tend to be closely associated with fitness (for example, seed mass or number of flowers) (Norman et al., 1995; Cheptou et al., 2000) . Dry body mass is only indirectly associated with fitness through effects on, for example, reproductive output, developmental time and time to sexual maturity and may have an intermediate optimum.
Based on the expectation that nutritional stress would decrease dry body mass (Wang and Clark, 1995) , and have detrimental effects on the reproductive output of females, we chose to treat increased dry body mass as adaptive. Inbreeding depression was lower for dry body mass and the I-E interaction was less pronounced compared with eggto-adult viability. A lower inbreeding depression for a morphological trait not closely associated to fitness is expected as it is likely that the trait does not show the same directional dominance as life history traits (Falconer and Mackay, 1996) .
In this study we used different ecologically relevant population sizes as a mechanism to manipulate the amount of random genetic drift and thereby the expected inbreeding level in our replicate populations. This approach mimics the process of inbreeding in many natural populations. However, this approach also results in two parameters, namely inbreeding rate and inbreeding level, being confounded. These parameters generally differ between studies on inbreeding and I-E Figure 4 Inbreeding depression of dry body mass in replicate N10 (n = 10) and N50 (n = 6) populations at a range of stress levels. Stress level for medium i was calculated as 1 − (fitted survival N500 (medium i) /fitted survival N500 (medium 1) ).
Figure 5
Number of lethal equivalents (calculated from egg-to-adult viability) of the replicate inbred populations across stress levels. Larger points indicate two replicate populations with the same number of lethal equivalents. The fitted lines were estimated with a two-quantile (median) regression to emphasize the general trends, and thus avoiding large influence of the extreme observations. interactions. For this reason, Armbruster and Reed (2005) and Fox and Reed (2011) used lethal equivalents (LE), a standardized measure of inbreeding depression, to standardize differences in inbreeding levels between studies. This enabled testing whether inbreeding depression increases with stress. We calculated LE and found a significant lower increase in LE with increasing stress of replicate N50 populations compared with N10 populations that, apart from their difference in inbreeding level, also differed in the rate of inbreeding. Thus, the rate of inbreeding cannot be neglected when standardizing the inbreeding level. We identified two nonexclusive explanations for the observed lower increase in LE with increasing stress of N50 compared with N10 populations. One possibility is a violation of the assumptions behind the standardization of inbreeding levels. The standardization assumes that independent deleterious loci have independent effects on fitness, whereby the logarithm of fitness will decrease linearly with increased inbreeding. There are obvious reasons why this assumption may be violated, for example, epistasis between deleterious loci that would deteriorate the fitness consequences of increased inbreeding. The other possibility is a more effective purging or balancing selection during the inbreeding of replicate N50 populations. The replicate inbred populations used in this experiment were inbred in an environment with ample nutritional resources, whereby purging of alleles that are lethal or mildly deleterious specifically in poor nutritional environments is unlikely. This suggests that a decreased rate of inbreeding, even under benign conditions, will result in a more effective removal of recessive mildly deleterious alleles that can become highly deleterious under stressful conditions. This possibility is to some extent in contrast to studies suggesting that purging is an environment-specific process. Comparing the rate of change in lethal equivalents with increasing stress in this study (slope N10 = 4.38 ± 0.63; slope N50 = 1.52 ± 1.12) with that of the meta-analysis by Reed et al. (2012) (slope = 3.35 ± 0.53) and with Enders and Nunney (2012) (slope = 1.56 ± 0.39) reveals large discrepancies in the slope estimates. A part of the discrepancy between studies may stem from the use of replicate inbred populations with different demographic histories, such as different rates of inbreeding or violations of the assumptions behind LE.
We found indisputable evidence for I-E interactions that had drastic consequences for fitness components of replicate inbred populations. Quantity and quality of food is crucial for survival in nature and food resources are often limited (White, 1993) . Our results suggest that fitness of inbred populations exposed to nutritional stress is more severely affected than that of less inbred populations. Nutritional stress and inbreeding interact synergistically and this interaction is likely to increase the extinction risk of small and endangered populations facing periods with food shortage. The difference in the relationship between stress level and expression of inbreeding depression between replicate N10 and N50 populations has implications for evolutionary biology and for the management strategies of threatened wild and domestic species. Minor stress levels deteriorated fitness of populations experiencing very small populations sizes (N = 10). Conversely, population sizes at an intermediate level (N = 50) may avoid I-E interactions up until stress levels of 0.25 (Figure 2) . Stress levels in nature may in general be lower, but seasonal events such as cold winter, summer heat waves or food shortage can increase stress levels beyond 0.25 (see, for example, Enders and Nunney, 2012) . The evolutionary dynamics and extinction risks of small populations will thus be highly dependent on the specific demographic history and the frequency of different stress levels in their environment.
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